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???????? H t100f ?????????????????????????????
? Ss ??????
?????? ?????????
???????????????????????????????????????
????????????????????????????????????????
?????????? ????????????????? ???? ?????? ??????
?????????????
?????? ???????
?????? ? 700?
????? Hr 10?
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(a) ?????????????
???????????????????????????????????????
??????????(a)?????????????????????????????
???????????????????????? Hsf??????? w0f??????
??????????????? Hs ?????????? Hsf ??? Rf ????????
??????????????????????????????? ? ? ? ??????
??????????????????????????????? ?????? ???????
??????Rf ????? ?????? ???????????
?????? ???????????????????????????
????? H0 (cm) 200 150 100 50
??
Hsf (cm) 10.1 7.6 5.0 2.5 
w0f (%) 700 700 700 700
Hs (cm) 10.1 7.6 5.0 2.5 
Rf (%) 100 100 100 100 
??
Hsf (cm) 5.6 4.2 2.8 1.4 
w0f (%) 1275 1275 1275 1275
Hs (cm) 10.2 7.6 5.1 2.5 
Rf (%) 55.1 55.1 55.1 55.1 
??
Hsf (cm) 6.4 4.8 3.2 1.6 
w0f (%) 1115 1115 1115 1115
Hs (cm) 10.2 7.6 5.1 2.5 
Rf (%) 62.8 62.8 62.8 62.8 
(b) ????????????
???????????????????????????????????????
???????????? ? ????? ? ?????????????????????
?(b)??????????????????????????????????????
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?????????????????????????????? Csf?????????
t0f??? t0f?????? Ht0f???????????????????????????
???????????????????????? ? ???? ?????????????
???????????????Csf ????????????????????Ht0f ??
?? ????????????? ???????????????????????
?????? ????????????????????????????
????? H0 (cm) 200 150 100 50
?
Csf 0.217 0.217 0.217 0.217 
Ht0f (cm) 51 40 28 20 
?
Csf 0.272 0.272 0.294 0.293 
Ht0f (cm) 38.0 32.0 16.0 14.0 
?
Csf 0.277 0.283 0.284 0.262 
Ht0f (cm) 45.0 37.0 25.0 16.0 
(c) h2?t0?????
?????? Ht0f? Hsf??????????????????? h2?t0????????
???????(c)???????? Hf? Hsf???????????????Hsf? ???
? Hf??? h2(t0)??????
1 10
10
100
Ht0f=8.70 x Hsf
0.762
Ht0f=8.00 x Hsf
0.912
Ht0f=8.37 x Hsf
0.989
El
ev
at
io
n 
of
 in
te
rf
ac
e 
(c
m
)
Hs (cm)
 Sample No.1
 Sample No.2
 Sample No.3
?????? Ht0f? Hsf????
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?????? ??????? 1 ??????????????????????
???? ???? ????
h2(t0) 8.7 8.0 8.4 
(d) h2?t100?? Ck????
?????? Ck?t100??h2?t100??p'??? ff??????????????(d) ????
???? Ck?t100?? Hf0f ? Hsf?????? Ck?t0??????????????h2?t100??
????????????????????????????????????????
???????????????? ff?? p ?????????ff ? plog ???????
??????????????????Hsf???? ?? p ???????????????
???ff???????????ff???? h2?t100??????
0.1 1 10 100 1000
1.4
1.6
1.8
2.0
2.2
2.4
f = 2.08 - 0.18 log p'
 SCT
 HCT
Log p' (kN/m2)
f(
=1
+e
)
?????? ??????????????????
pf f log18.008.2 ? ??? ? ? ? ?????? ??????
?????? Ck?t100??h2?t100??p'??? ff
????? P1'
 (kN/m2)
ff Ck?t100??
h2?t100???
(cm)
1 0.159 2.224 0.780 2.224 
2 0.161 2.223 0.950 2.223 
3 0.161 2.223 0.981 2.223 
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(e) ????????????
????????????????????????????????????????
??????????????????? Hr????????????????????
?? Hss ????????Rf ???? Hssf ??????????????? Hssf ?????
??????? ? ? Hssf? ???????????? ? ? Hssf? ??????????? ? ? Hssf
? ????????????
?????? ????????????????????????????
????? 2 3 1 
????? ?
Hr?????
10 10 10 
??????? ?
Gs
2.670 2.670 2.650 
???
w0 % 
700 700 700 
??????? ?
Hss?????
0.508 0.508 0.511 
?????????????
Rf (%)
55.1 62.8 100 
??????????? ?
Hssf?????
0.280 0.319 0.511 
???????? 1 ???? H't0f? Hsf?????? Ht100f? Hsf??????????
????????H't0f? Hsf????????????
sfft HH 70.80 ?? ? ? ? ? ? ? ? ???????
???Ht100f? Hsf???????????????
780.0
100 224.2 sfft HH ? ? ? ? ? ? ? ???????
??????????????????????????? Hsf? Hssf????????
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????????????? H't0f ? Ht100f ?????????????????????
?? ??????? ? ?????? ??????
1 10 100
1
10
100
Ss1
Ht100f= 47.8
H't0f= 444.6
1
Hssf=51.1
1
Ck Ht100f=2.224 x Hsf
0.780
h2(t100)
h2(t0)
H't0f=8.70 x Hsf t'0
t
100
Hsf (cm)
H
f
(c
m
)
1
?????? ?? 1 ???? Hf? Hsf????
???????? 2 ???? H't0f? Hsf?????? Ht100f? Hsf??????????
????????H't0f? Hsf????????????
sfft HH 00.80 ?? ? ? ? ? ? ? ? ???????
???Ht100f? Hsf????????????
950.0
100 223.2 sfft HH ? ? ? ? ? ? ? ???????
??????????????????????????? Hsf? Hssf????????
????????????? H't0f ? Ht100f ?????????????????????
?? ??????? ? ?????? ??????
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1 10 100
1
10
100
Ss2
Ht100f= 52.7
H't0f= 224.0
1
Hssf=28.0
1
Ck Ht100f=2.223 x Hsf
0.950
h2(t100)
h2(t0)
H't0f=8.00 x Hsf
t'0
t100
Hsf (cm)
H
f
(c
m
)
1
?????? ?? 2 ???? Hf? Hsf????
???????? 3 ???? H't0f? Hsf?????? Ht100f? Hsf??????????
????????H't0f? Hsf????????????
sfft HH 37.80 ?? ? ? ? ? ? ? ? ???????
???Ht100f? Hsf????????????
981.0
100 223.2 sfft HH ? ? ? ? ? ? ? ???????
??????????????????????????? Hsf? Hssf????????
????????????? H't0f ? Ht100f ?????????????????????
?? ??????? ? ?????? ??????
58 
1 10 100
1
10
100
Ss3
Ht100f= 66.4
H't0f= 267.0
1
Hssf=31.9
1
Ck Ht100f=2.223 x Hsf
0.981
h2(t100)
h2(t0)
H't0f=8.37 x Hsf
t'0
t100
Hsf (cm)
H
f
(c
m
)
1
?????? ?? 3 ???? Hf? Hsf????
??????????????????????? H' t0f ? H t100f??????????
??????????????????????????? ? ? ??????????? ? ?
???????? ?? ?????????????
?????? ????????????????
??????
????
10.0 
(w = 700%) 
????? 2 3 1 
????????????????? 20 40 88 
??????????????
H' t0f ????
2.24 2.67 4.45 
??????????????
H t100f?????
0.53 0.66 0.48 
??????????
???? 1.71 2.01 3.97 
???????????????????????????????????????
????????????????????????????????????????
????????????
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???? ???
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
????????????????????????????????????????
???
??????????Cs???????????????????????????????
?????????????????????????????????????
??
??????????????????????????? Cs????????????
??????????????? Cs????????????????
????????????????????????????????????????
?????????????????????????????????????
??????????????? h2??????????????
???????????????????? ??? ??????????????????
?????????????????????????????????????
???????????????????????????
????????????????????????????????????????
?????????????????????????????????????
?????????????????????
????????????????????????????????????????
????????????????????????????????
??????????????????????????? Cs ???????????
????????????????????????????
????????????????????????????????????????
??????????????????????
???? ????????????????????? 75?m ????????????
?????????????????????????????????????
????????????????? 75?m ????????????????
??????????
???? ?????????????????????????????????????
60 
?????????????????????????
???? ??????????????????????????????????????
????????????????????????
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?.????????????????
???? ?????
????????????????????????????????????????
????????????????????????????????????????
???????????????????(Masaaki ?, 2001)?????????????
???? ??? ???????????????????????????????????
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???????????????????????????????????
????????????????????????????
????????????????????
????? ????????
??????(3.2)
1. ????
2. ?????????
3. ????
??(3.5)
????????(3.3)
1???????????
2?????
3??????????
4????? 75?m ?????
???????
5????????????
6??????????????
?
????(3.1)
?????????????????(3.4)
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???? ???????
?????? ?????
???????????????????????????????????????
????????????????????????????????????????
????? ???? ??????????????????????????? ???? ??
??????? ???? ???? ?????????? ??????? ???????? ????
?????? ? ?????? ?? ??????? ???? ??????????? ? ????
? ? ?????????????????????????? ? ??? ? ?????? ??
???????
????? ?????????
??
??
????
???
??
?? ??
75?m ???
?????????
??
??
??
??
??
?? ??
1 
? NP 
2.695 20 5 1.01 
SM 
??
??2 2.695 45 12 1.33 
10 1 0.1 0.01 1E-3
0
20
40
60
80
100
Sample 1
Sample 2
Grain Diameter(mm)
Pe
rc
en
ta
ge
Pa
ss
in
g(
%
)
????? ?????????
?????? ??????????
???????????????????????????????????????
?????????????????????????????????????? 70cm
?300cm?70cm ?????????????????????????????????
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????? 1.5cm ??????????
?????
???? ???????????
???? ?????????
???????????????????????????????????????
???????????????????? P1~P3 ? 3 ??????? E1~E2 ? 2 ??
????????????? 40cm(S1)?160cm(S2)?280cm(S3)???????????
???????????????????????
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?????? ?????
???????????????????????????????????????
????????? 700%???????????????1 ?????????????
? 0.63 m3????????????????????????????????????
????? 0.59 m3/min ?????????????????????????????
??????????????????????????????? 200 ????????
???????????????????????????????????????? 1
?????????????????????????????????????????
? 2 ??????????????????????????????????????
????????? 4 ???????????? 1 ??? 1 ???? 2 ??? 2 ????
????????????????????????????????????????
200 ????????????????? 148 ?????4 ??????????? 800
?????
????? ????
?????
???
????
?m3/min?
???
?m3?
????????
?min? ?? ??
???1 700 0.59 0.63 200 4 ?
???2 700 0.59 0.63 200 4 2 
????? ?????????
??
?????
?? ?? ????? ?? ??
1 2 193 27 222 222 
2 2 145 51 198 420 
3 2 108 70 180 600 
4 2 145 53 200 800 
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???? ?????????
?????? ???????????
???????? 1 ????????????????????? 2 ????????
????????????? S1?S2??? S3????????????????????
?????????????? S1 ?????????????????????????
S2 ?? S3 ???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????? S2? S3??????????????????
0 100 200 300 400 500 600 700 800
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 S1
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Step 1
????? ??????????(??? 1)
0 100 200 300 400 500 600 700 800
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70
H
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gh
t o
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oi
l (
cm
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Time (min)
 S1
 S2
 S3
Step 2
Step 1
Step 3
Step 4
????? ??????????(??? 2)
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???S2? S3???????????????????????S2? S3?????
????????????????????????????????????????
??
?????????????????????????????? 3 ????????
?????????? 1?????? 14 ??????? 2 ?? 45 ??????????
??????????????????????????????(Imai?1980)?????
??????????????????? 2??????? 1????????2????
???????????????????????????? 2 ????? 1 ?????
?????????? 1????????????????????
??????????????????????????? 1 ???????????
???????????????? 2 ??????????????????? 1 ???
??????? 2??????????????????? 1???????????? 2
??????????????????????????????????
0 20 40 60 80 100 120 140 160 180
10
20
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60
70
Sample 1
 S1
 S2
 S3
Sample 2
 S1
 S2
 S3
Time (min)
H
ei
gh
t o
f s
oi
l (
cm
)
????? ?????????????????????(???)
?????? ?????
???????? 1 ???????????????????? 2 ?????????
????????????????????????????????????????
??????????????????????? 2 ????????????????
??????????????? 50cm~75cm?????????????50cm~75cm?
?? 160cm???????????????? 160cm?? 300cm??????????
?????????????????????????????????????????
?????????????????????????????? 50cm~75cm ????
????????????????????????????????????????
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???????????????????? 50cm~75cm ??????????????
????????????????????????????????????????
????????????????????????????????????????
? 50cm~75cm ????????????????????????????
160cm~300cm??????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????? 75cm~
? 160cm????????????????????????????????????
?????????
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????????? 1???? 2?? 3 ???? 4 ????????????????
????????????????????????????????????????
?????????? 1?????????? 23????? 2?? 19?????????
2???????????1?????????????????????????????
????????????????????????????????(Hough, 1957)??
????? 15???????????? 15?~30???????? 1???? 2????
????????????????????????????? 1 ???? 2 ?????
??????????????????????????????????????? 1
?????????? 2????????????????? 2????? 1 ?????
???????????????
40 50 60 70 80 90 100 110 120
20
30
40
50
19
  Sample 1
 3 step
 4 step
  Sample 2
 3 step
 4 step
H
ei
gh
to
fs
oi
l(
cm
)
Distance (cm)
23
?????? ???????? 2? 3?4???????????????
????? ??????????????????????? (Hough, 1957) 
?? ????????
?????? 20~40 
?????? 15 
?????? 30~45 
?????? 25~30 
????? 34 
????? 15~30 
????? 45 
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?????? ??????????
???????? 1 ??????????????????????????????
??? 1 ????????????????????????????????????
????????? 1 ??????????????????????????????
?? 1 ???????????????????????????????????? 2
????????????????????????????????? 2 ??????
??????????????????????????????????????? 2
???????????????????????????????? 2 ???????
?????????????????????????????????????????
?????????????? 1 ???????? 115 ???????????????
????????? 48?????????????????????????? 2???
????? 56 ???????????????????????? 33 ????????
?????????????????5?~500??????????????????
??????????????????????????????? 3 ???????
??????????? 100cm????????????? 100cm~? 150cm?????
???????? 150cm~300cm ??????????????????? 20%~? 50%
????????????????????????????????????????
???????????????????? 100%~? 500??????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? 30%~? 200%
????????????????????
???????????????????????? 20%~? 40%?????????
???????? 40%~? 300%?????????????? 300~? 500??????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
??????????????????
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????? ??? 1?????????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 2.5 25.98 40 32.4 24.05 
0 7.5 26.58 40 37.4 23.77 
0 12.5 27.53 40 42.4 24.21 
0 17.5 26.42 40 47.4 23.37 
0 22.5 24.64 60 3.0 25.72 
0 27.5 25.89 60 8.0 22.87 
0 32.5 27.14 60 13.0 23.62 
0 37.5 28.15 60 18.0 19.60 
0 42.5 26.96 60 23.0 23.20 
0 47.5 19.87 60 28.0 28.61 
20 2.5 26.88 60 33.0 23.62 
20 7.5 27.08 60 38.0 25.56 
20 12.5 28.19 60 43.0 28.43 
20 17.5 28.70 60 48.0 26.75 
20 22.5 24.22 80 5.0 25.50 
20 27.5 27.52 80 10.0 23.62 
20 32.5 25.29 80 15.0 28.22 
20 37.5 26.31 80 20.0 26.04 
20 42.5 24.51 80 25.0 25.46 
20 47.5 24.14 80 30.0 24.78 
40 2.4 29.57 80 35.0 26.99 
40 7.4 24.90 80 40.0 29.86 
40 12.4 22.62 100 4.0 25.85 
40 17.4 27.69 100 9.0 28.03 
40 22.4 22.88 100 14.0 25.03 
40 27.4 26.91 100 19.0 28.77 
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????? ??? 1?????????????? (2) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
100 24.0 24.29 180 26.0 227.87 
100 29.0 30.20 200 1.0 31.83 
100 34.0 31.21 200 6.0 30.15 
120 5.0 26.08 200 11.0 57.29 
120 10.0 27.93 200 16.0 95.62 
120 15.0 23.68 200 21.0 248.85 
120 20.0 26.37 200 26.0 343.33 
120 25.0 39.78 220 1.0 23.76 
120 30.0 40.93 220 6.0 25.14 
140 2.0 26.32 220 11.0 113.32 
140 7.0 29.96 220 16.0 112.97 
140 12.0 56.82 220 21.0 291.30 
140 17.0 30.25 220 26.0 414.30 
140 22.0 98.20 240 1.0 25.00 
140 27.0 85.30 240 6.0 23.97 
160 1.3 26.50 240 11.0 171.47 
160 6.3 26.49 240 16.0 345.46 
160 11.3 46.36 240 21.0 342.00 
160 16.3 66.21 240 26.0 440.00 
160 21.3 97.37 260 0.5 25.14 
160 26.3 120.44 260 5.5 26.84 
180 1.0 20.67 260 10.5 196.54 
180 6.0 41.77 260 15.5 202.00 
180 11.0 42.87 260 20.5 179.00 
180 16.0 77.68 260 25.5 401.99 
180 21.0 139.26 280 0.5 26.80 
75 
????? ??? 1?????????????? (3) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
280 5.5 25.42 300 5.5 27.98 
280 10.5 135.28 300 10.5 253.45 
280 15.5 164.30 300 15.5 337.95 
280 20.5 323.56 300 20.5 418.45 
280 25.5 425.83 300 25.5 410.00 
300 0.5 26.44 - - - 
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????? ??? 1??????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5 24.58 160 17.5 455.47 
0 35.0 26.54 160 35 439.44 
0 52.5 25.14 160 52.5 505.49 
20 17.5 26.44 180 17.5 278.54 
20 35.0 24.14 180 35.0 255.74 
20 52.5 24.82 180 52.5 246.08 
40 17.5 24.93 200 17.5 469.00 
40 35.0 23.37 200 35.0 345.69 
40 52.5 25.62 200 52.5 291.24 
60 17.5 26.05 220 17.5 374.34 
60 35.0 26.75 220 35.0 388.06 
60 52.5 26.61 220 52.5 442.33 
80 17.5 29.03 240 17.5 447.07 
80 35.0 29.86 240 35.0 462.03 
80 52.5 30.48 240 52.5 301.16 
100 17.5 29.40 260 17.5 273.08 
100 35.0 31.21 260 35.0 239.40 
100 52.5 29.90 260 52.5 270.34 
120 17.5 36.58 280 17.5 266.14 
120 35.0 40.93 280 35.0 244.17 
120 52.5 34.70 280 52.5 175.56 
140 17.5 364.64 300 17.5 279.08 
140 35 315.93 300 35 259.108 
140 52.5 374.69 300 52.5 299.112 
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?????? ??? 1???????????????
?????? ??? 1????????????
??? ??? ???
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????? ??? 2?????????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 0.0 42.99 120 23.0 37.47 
0 10.0 42.63 150 0.0 34.28 
0 20.0 42.35 150 5.5 38.95 
0 30.0 44.66 150 10.5 39.80 
0 40.0 38.54 150 15.5 50.85 
30 0.0 32.66 150 20.5 136.08 
30 4.0 34.18 180 0.0 54.07 
30 14.0 34.98 180 4.3 75.80 
30 24.0 31.08 180 9.3 84.53 
30 34.0 37.14 180 14.3 112.20 
30 44.0 40.23 180 19.3 112.71 
60 0.0 29.96 210 0.0 73.72 
60 2.7 33.26 210 7.5 82.05 
60 12.7 31.61 210 12.5 107.22 
60 22.7 32.07 210 17.5 137.39 
60 32.7 37.75 240 0.0 79.92 
60 42.7 39.05 240 2.1 92.73 
90 0.0 33.62 240 7.1 61.39 
90 10.0 32.60 240 12.1 121.61 
90 20.0 31.37 240 17.1 461.26 
90 30.0 40.21 270 0.0 89.81 
120 0.0 33.79 270 2.2 88.40 
120 3.0 42.32 270 7.2 92.73 
120 8.0 38.29 270 12.2 109.70 
120 13.0 50.14 270 17.2 133.51 
120 18.0 74.22 300 0.0 94.10 
79 
????? ??? 2?????????????? (2) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
300 2.0 96.70 300 12.0 120.61 
300 7.0 105.31 300 17.0 131.24 
????? ??? 2??????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5 39.59 150 52.5 123.94 
0 35.0 38.54 180 17.5 102.83 
0 52.5 39.68 180 35.0 112.71 
30 17.5 38.41 180 52.5 158.11 
30 35.0 40.23 210 17.5 140.79 
30 52.5 36.31 210 35.0 137.39 
60 17.5 34.72 210 52.5 185.24 
60 35.0 39.05 240 17.5 358.65 
60 52.5 36.86 240 35.0 461.26 
90 17.5 36.53 240 52.5 381.89 
90 35.0 40.21 270 17.5 155.11 
90 52.5 37.15 270 35.0 133.51 
120 17.5 37.86 270 52.5 130.61 
120 35.0 37.47 300 17.5 174.54 
120 52.5 39.82 300 35.0 131.24 
150 17.5 181.09 300 52.5 167.15 
150 35.0 136.03 - - - 
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?????? ??? 2???????????????
?????? ??? 2????????????
??? ??? ???
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?????? ???? 75?m?????????????
???????? 1???????????????? 75?m???????????
?????????????? 1????????????? 75?m?????????
?????????????????????????????? 1 ?????????
??????? 75?m??????????????????????? 1??????
??????? 75?m??????????????????????????????
? 2???????????????? 75?m???????????????????
?????? 2????????????? 75?m?????????????????
?????????????????????? 2???????????????? 75
?m??????????????????????? 2????????????? 75
?m???????????????????75?m????????????????
???????????????????????????????????75?m ??
?????????????????? 1???????? 99?????????????
???? 42 ??????????????????? 2 ?????????56 ????
????????????? 28?????????????
????????? 75?m???????????????????????????
? 3 ????????????????????? 100cm ?????????????
100cm~? 150cm????????????? 150cm~300cm ????????????
????? 75?m?????????? 50?????????????????????
????????????????????????????? 50??????????
????????????????????????????
??????????? 1?????? 75?m?????????? 50%??????
?????????? 2???75?m????????????? 1?????????
?????????? A? B???? 75?m?????????? 50%???????
???????? 2 ???????????????????????????????
??? 2 ?????????? 1 ??????????????????????? 2 ?
75?m ?????????????????????????????????????
? 1????????????? 75?m???????????????????????
??? 2??75?m??????????80%~100%????????????????
??????????????????? 1 ????????????????????
????????????????????????????????????????
??????????????? 75?m???????????????????????
??? 2 ??????? 1 ????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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????????????????????????????????????????
?????????????????75?m????????????????75?m?
????????????????????????????????????????
?????????????????????? 1 ????75?m ??????????
? 10%~? 90%??????? 2????75?m??????????? 40%~? 80%?
????????????????????????????????????
?????? 75?m??????????????????????? 1????75?
m?????????? 20%????????????? 2???????? 40%~? 80%
???????????? 2?????? 1??? 75?m??????????????
????????????????????????????????????????
????????????????????????????????????? 2 ??
??????? 75?m??????????????????????????????
?????? 1????75?m?????????? 80%??????????????
?? 2 ????75?m ????????????? 80????????????????
??? 1? 75?m??????????? 20%~? 90%??????? 2? 75?m??
????????? 40%~? 90%?????????????????????????
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????? ??? 1?????????? 75?m?????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 2.5 11.46 60 33.0 5.31 
0 7.5 22.04 60 38.0 5.80 
0 12.5 11.18 60 43.0 17.02 
0 17.5 8.52 60 48.0 8.25 
0 22.5 8.75 80 5.0 6.38 
0 27.5 7.89 80 10.0 9.23 
0 32.5 12.04 80 15.0 23.84 
0 37.5 12.90 80 20.0 5.06 
0 42.5 11.30 80 25.0 11.04 
0 47.5 11.58 80 30.0 10.49 
40 2.4 18.25 80 35.0 25.45 
40 7.4 8.50 80 40.0 9.48 
40 12.4 15.54 100 4.0 10.47 
40 17.4 16.76 100 9.0 5.27 
40 22.4 7.99 100 14.0 2.35 
40 27.4 15.36 100 19.0 15.68 
40 32.4 20.89 100 24.0 18.03 
40 37.4 10.99 100 29.0 7.33 
40 42.4 15.59 100 34.0 14.89 
40 47.4 15.91 120 5.0 13.63 
60 3.0 8.46 120 10.0 8.99 
60 8.0 34.10 120 15.0 12.25 
60 13.0 7.16 120 20.0 14.73 
60 18.0 23.73 120 25.0 19.97 
60 23.0 20.00 120 30.0 24.31 
60 28.0 16.00 140 2.0 11.92 
84 
????? ??? 1?????????? 75?m?????????? (2)
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
140 7.0 13.82 220 6.0 11.73 
140 12.0 39.61 220 11.0 80.93 
140 17.0 18.81 220 16.0 93.45 
140 22.0 99.72 220 21.0 91.74 
140 27.0 95.13 220 26.0 91.15 
160 1.3 29.68 240 1.0 52.82 
160 6.3 25.02 240 6.0 23.79 
160 11.3 72.94 240 11.0 89.83 
160 16.3 82.76 240 16.0 96.90 
160 21.3 97.58 240 21.0 88.64 
160 26.3 80.99 240 26.0 79.38 
180 1.0 34.33 260 0.5 36.91 
180 6.0 25.47 260 5.5 32.75 
180 11.0 21.36 260 10.5 90.23 
180 16.0 94.32 260 15.5 99.86 
180 21.0 97.61 260 20.5 97.75 
180 26.0 70.44 260 25.5 93.38 
200 1.0 36.34 280 0.5 47.19 
200 6.0 19.77 280 5.5 32.47 
200 11.0 82.83 280 10.5 93.10 
200 16.0 91.64 280 15.5 99.86 
200 21.0 85.07 280 20.5 84.62 
200 26.0 68.75 280 25.5 95.22 
220 1.0 37.17 - - - 
85 
?????? ??? 1??????? 75?m?????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5 13.19 160 17.5 86.61 
0 35.0 11.58 160 35.0 80.99 
0 52.5 14.90 160 52.5 68.75 
40 17.5 4.56 180 17.5 91.50 
40 35.0 15.91 180 35.0 75.96 
40 52.5 5.14 180 52.5 88.10 
60 17.5 10.40 200 17.5 84.50 
60 35.0 8.25 200 35.0 68.75 
60 52.5 11.04 200 52.5 87.73 
80 17.5 10.02 220 17.5 76.19 
80 35.0 9.48 220 35.0 91.15 
80 52.5 8.49 220 52.5 64.91 
100 17.5 11.28 240 17.5 89.38 
100 35.0 14.89 240 35.0 55.56 
100 52.5 12.54 240 52.5 93.29 
120 17.5 23.04 260 17.5 91.45 
120 35.0 16.77 260 35.0 93.38 
120 52.5 24.31 260 52.5 90.43 
140 17.5 86.32 280 17.5 95.22 
140 35.0 95.13 280 35.0 76.56 
140 52.5 93.29 280 52.5 95.55 
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?????? ??? 1?????????? 75?m????????????
?????? ??? 1??????? 75?m????????????
??? ??? ???
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?????? ??? 2?????????? 75?m?????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 0.0  67.26  120 23.0  40.25  
0 10.0  73.28  150 0.0  70.24  
0 20.0  55.97  150 5.5  80.08  
0 30.0  46.16  150 10.5  83.44  
0 40.0  43.94  150 15.5  86.45  
30 0.0  54.58  150 20.5  84.35  
30 4.0  60.94  180 0.0  83.77  
30 14.0  56.58  180 4.3  97.26  
30 24.0  36.76  180 9.3  86.91  
30 34.0  40.50  180 14.3  99.01  
30 44.0  77.81  180 19.3  84.86  
60 0.0  48.09  210 0.0  98.74  
60 2.7  34.13  210 7.5  97.08  
60 12.7  28.21  210 12.5  98.64  
60 22.7  23.36  210 17.5  95.45  
60 32.7  23.15  240 0.0  98.57  
60 42.7  44.57  240 2.1  99.40  
90 0.0  43.66  240 7.1  98.42  
90 10.0  45.22  240 12.1  97.95  
90 20.0  26.81  240 17.1  98.45  
90 30.0  38.67  270 0.0  98.63  
120 0.0  77.69  270 2.2  99.77  
120 3.0  81.33  270 7.2  98.61  
120 8.0  66.55  270 12.2  99.03  
120 13.0  73.11  270 17.2  98.77  
120 18.0  89.93  300 0.0  99.36  
88 
?????? ??? 2?????????? 75?m?????????? (2) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
300 2.0  98.85  300 12.0  99.56  
300 7.0  99.59  300 17.0  99.45  
?????? ??? 2??????? 75?m?????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5  58.73  120 52.5  40.95  
0 35.0  43.94  150 17.5  94.04  
0 52.5  79.56  150 35.0  84.35  
30 17.5  45.92  150 52.5  88.65  
30 35.0  77.81  180 17.5  84.73  
30 52.5  79.56  180 35.0  84.86  
60 17.5  46.79  180 52.5  98.54  
60 35.0  44.57  210 35.0  95.45  
60 52.5  48.38  210 52.5  99.38  
90 17.5  46.79  240 17.5  99.38  
90 35.0  38.67  240 35.0  98.45  
90 52.5  46.74  270 35.0  98.77  
120 17.5  44.67  270 52.5  99.15  
120 35.0  40.25  300 35.0  99.45  
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?????? ??? 2?????????? 75?m????????????
?????? ??? 2??????? 75?m????????????
??? ??? ???
A
B
90 
???????????????????????????????????????
??????????? 75?m?????????? 50%??????????????
??????????75?m?????????? 50%???????????75?m?
????????? 50%??????????????????????? 1 ??? 2?
???????????????????? 1 ???????????????????
? 46.4%?????????? 2??????? 93.0%??????? 1???? 75?m
?????????? 20%????????????????????????????
???? 5????????????? 2???? 75?m?????????? 45%??
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????
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?????? ???? 75?m????????????
?????? ????????????
????????? 1 ?????????????????????????????
????????????????????????????????????????
???????
??????????????????? 75?m?????????????????
???? 3 ??????????????????????????????????
0.3~1.2 kPa????????????????? 0.0~0. 3 kPa????????????
???? 0.0 kPa?????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
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?????? ??? 1?????????? (1) 
????
(cm) 
??(cm) ??????????(kPa) 
????
(cm) 
??(cm) ??????????(kPa) 
20 0 0.60  60 25 0.60  
20 5 1.22  60 30 0.58  
20 10 0.71  60 35 0.62  
20 15 0.68  60 40 0.58  
20 20 0.50  60 45 0.81  
20 25 0.75  80 0 0.30  
20 30 0.51  80 5 0.39  
20 35 0.54  80 10 0.56  
20 40 0.53  80 15 0.49  
20 45 0.49  80 20 0.50  
40 0 0.50  80 25 0.41  
40 5 0.73  80 30 0.41  
40 10 0.62  80 35 0.41  
40 15 0.70  80 40 0.51  
40 20 1.14  100 0 0.09  
40 25 0.92  100 5 0.20  
40 30 0.95  100 10 0.31  
40 35 1.00  100 15 0.31  
40 40 1.16  100 20 0.46  
40 45 0.94  120 0 0.01  
60 0 0.38  120 5 0.08  
60 5 0.11  120 10 0.11  
60 10 0.34  120 15 0.12  
60 15 0.58  120 20 0.11  
60 20 0.69  140 0 0.01  
93 
?????? ??? 1???????????????? (2) 
????
(cm) 
??(cm) ??????????(kPa) 
????
(cm) 
??(cm) ??????????(kPa) 
140 5 0.01  220 15 0.00 
140 10 0.08  220 20 0.00 
140 15 0.03  240 0 0.00 
140 20 0.00  240 5 0.00 
160 0 0.00 240 10 0.00 
160 5 0.00 240 15 0.00 
160 10 0.00 240 20 0.00 
160 15 0.00 260 0 0.00 
160 20 0.00 260 5 0.00 
180 0 0.00 260 10 0.00 
180 5 0.00 260 15 0.00 
180 10 0.00 260 20 0.00 
180 15 0.00 280 0 0.00 
180 20 0.00 280 5 0.00 
200 0 0.00 280 10 0.00 
200 5 0.00 280 15 0.00 
200 10 0.00 280 20 0.00 
200 15 0.00 300 0 0.00 
200 20 0.00 300 5 0.00 
220 0 0.00 300 10 0.00 
220 5 0.00 300 15 0.00 
220 10 0.00 300 20 0.00 
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?????? ????????????????????(??? 1) 
????????? 1 ?????????????????????????????
???????????????????????????? 15%~35%????????
??? 0.3~1.2 kPa??????????? 35%?????????????? 0.0 kPa
???????????? 35%??????????????????????????
? 0.0 kPa??????????????????? 15%~35%????????????
???????????????????????????????????????
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?????? ????????????
???????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
(a) ?????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????? RD?????
(b) ?????????????????
???????????????????????????????????????
???????????75?m ??????????????????????75?m ?
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?????????????????????????????
103 
?????? ???????????????????????????
?????? ???????????????????
???????????????????????????????????
hLLhQ cC 43
1 22 ??????
????hc??????????????h?????????????
????L? h????????????????????
tan
2
tan
2 c
hHhL ??????
??????????? hc?????????????
104 
tan
2
1 LHhc ??????
???????????????????????????????
tan
2
1
43
1tan
2
1 22 LLLLHQC ??????
???????????????????????????????????????
???????????
tan
2
1
43
1tan
2
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tan)12(
124 HCL R ??????
?????????????????????????????
?????? ??????????????
????????????????????????????? L???? QP????
????????? 10m???????????? 1???? 2???????????
???????????????
(a) ?????????????
???????????????????????????????????????
????????????????? 700%???????? 0.63 m3?? 4??????
??????????????? 2.52 m3?????????? 1???? 2??????
????0.65 m3? 0.69 m3????????????????????????????
???????? 1?? 0.258?????? 2?? 0.274????
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?????? ???????????
??? ???? (m3) 
???
?? (m3) ?? RD
??? 1 2.52 0.65 0.258 
??? 2 2.52 0.69 0.274 
(b) ?????????????????
????????????????????????????????????????
????????????1????2???????????????CR?????0.54
? 0.07????
?????? ???????????????????????
???
???
? ???
?? (m3) ?? (m3) ? CR
??? 1 0.65 0.35 0.54 
??? 2 0.69 0.05 0.07 
(c) ???????????
???????????????????????????????? 1 ??????
???? 23?????? 2?????????? 19????????????????H
?? D??????????????????????????? Qb??????
?????? ????????
??? 75?m??????
(%) 
?
(?) tan?
H 
(m) 
D 
(m) 
Qb
(m3) 
??? 1 20 23 0.424 10 47 5783 
??? 2 45 19 0.344 10 58 8807 
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(d) ??????????????
????????????????????????????????????(d)??
??????????????
12
????????????????????????
????????? 1??????????
12
???????????????????
??????????????? 2??????????
12
?????????????
???????????????
?????? ?????????????????
??? 75?m??????
(%) 
????????
CR
??????? ??
??? 1 20 0.54 
12
?0.262
?
??? 2 45 0.07 ?
(e) ??????????????????????????????????
????????? 2 ?????????????????????????????
????????????????????????????????????????
????????????? L ???????????L ? 15.5m ??????????
????????????????? 8768 m3????????????? 8768 m3????
???? 15.5m?????
?????? ????????????????????????????????
75?m??????
(%) 
??????
h (m)
????
????
L (m) 
????
???
QC (m3) 
1??????
??????
QP (m3) 
45 2.7 15.5 168 8768 
(f) ?????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????L?
29.4m??????????????????????????????? 33502 m3??
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??????????? 33502 m3???????? 29.4m?????
?????? ???????????????????????????????
75?m??????
(%) 
????
????
L (m)
?????
?????
hc(m) 
????
???
QC (m3) 
1??????
??????
QP (m3) 
20 29.4 3.8 4667 33502 
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???? ???
???????????????????????????????????????
??????????????????????????????75?? ???????
???????? ? ???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????
????????????????????????????????????????
?????????????????????????????????????
???????????????????????????
??????????????????????????????????????
????????????????????????????????????????
????????????????
?????????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????
???????????????????? 75?m ????????????????
75?m ?????????? 20%?????????????????????
?????????????????????????????????????
??????????????? 75?m ???????????????????
75?m ?????????? 40%?????????????????????
?????????????????????????????????????
??????????????????????????????????????
?????????????????
???75?m ?????????? 20%?????????????????????
???????????????? 46.4%??????????????????
?????????????????????????????????????
?????????????????????????
?????????????????????????75?m ???????????
80%?????????????
????????????????????????????????????????
???
????????????????????????????????????????
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???? ????????????????????????????????????
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????????????????????????????????????????
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????????????????????????????????????????
?????????????????????????????????????(Lee ?, 
2015)?
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???????????????????????????????????????
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???????????????????????
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????? ????????
??(4.4)
??????????????????????????(4.2) 
1. ????
2. ?????????
3. ????
4. ????????
5. ?????????
????(4.1)
?????????????????(4.3)
1. ?????????????????????
2. ????????????
3. ???????????????
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???? ???????????????????????????
?????? ?????
(a) ????
???????????????????????????????????????
???????????????????????????????????????
?? ???????????????????????????????????????
????????????????????????????????????????
???????????????????????(?????????, 2014)??????
?????? 4 ?????????????????????????????????
????????????????????????? 4 ??????????????
????????????????????????????????????????
?????????????????????????????????????
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????? ???????????????????????????
????? ?????????
????
????
?????
????
????? ??? ?? ????????????? ?????
????? ?? ??? ?????? ????????? ???
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????? ???????????
????
?????
?????????????
????? ????? ????? ????? ??? ???????????
?????? ???? ???? ???? ???? ???? ????
??????? ???? ???? ???? ???? ???? ???????
??????? ?????? ?????? ?????? ?????? ?????? ???????
??????? ?????? ?????? ?????? ?????? ?????? ??????
??????? ?????? ?????? ?????? ?????? ?????? ?????
??????? ?????? ?????? ?????? ?????? ?????? ?????
??????? ?????? ?????? ?????? ?????? ?????? ?????
?????? ?????? ?????? ?????? ????? ?????? ????
(b) ????
??????????????????????????????????? 1?
10-3cm/sec ????????????????1?10-3cm/sec ?????????????
???????????????????????????1?10-3cm/sec ???????
????????????????????????????????????????
?????????????????
???????????????????????????? 1?10-3cm/sec ????
????????
????? ?????????
??????????????
??????? ???????
???????? ?????????????
????? ?????????? ??????????
????? ?????????? ??????????
??? ?????????? ??????????
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?????? ??????????
(a) ????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? 1.0m~3.0m ???
???? 182cm ?????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????? 80cm ???? 3 ?????????????????????
??
???? ??????
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(b) ?????
???????????????????????????????????????
?????????????????????????????????? P1 ? 1 ???
??????? P2~P4 ? 3 ????? 4 ???????????????????? E1
? 1 ????????? E2 ? 1 ????????????? E3 ? 1 ????? 3 ???
?????????????????????????? S1~ S3 ? 3 ?????????
???????????????????????
????? ?????????
?????? ????
???????????????????????????????????????
?????????????????????75 ??????????????? 30cm
???????????????? 9.8kPa ????????????3t ????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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??????????????? 20cm ???????????????????????
?????????????????????????????????????????
???????????????????????(Tan ?, 1991)???????????
?????????????? 3 ?????????????????????????
?????????????????? 90%?????????????????????
????????????? 3 ?????????? 100cm ???????? 3 ????
????????????????????????????????????????
??
????? ???????
?? ???????
????
?????
????????
????
????
?? ???? ??? ?????? ??
?? ???????? ??? ????? ??
? ???? ??? ????? ??
? ???? ??? ????? ??
? ???? ??? ????? ??
? ???? ?? ?? ???
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?????? ?????????
???????????????????????????????????????
????????????????????????????????????????
????????????
????? ?????????????
???
Wn
(%) 
????
??
gt
(kN/m3) 
??
Gs
???????
??
??????
??
????
??
??
LL 
(%) 
??
??
IP 
???
???
qu
(kPa) 
???
C(qu/2) 
(kPa) 
??
???
e0
??
??
Cc
????
Cv 
(cm2/sec) 
???
???
Pc
(kPa) 
?????? ?????? ???? ?????? ?????? ?????? ????? ?????? ?????? ????????? ????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????p ?????????
?????????
0
0
0
log
1 P
pP
H
e
C
S cf ?????
v
v
C
HT
t
2
?????
2
4 4(%) 100v tv
f
C t S
U T
SH
?????
??? Sf???????Cc??????e0?????H??????P0??????t??
????Tv??????U?????St?????????
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????? ???????????????????????
e0
P0
(kPa) 
?p 
(kPa) 
H 
(mm) 
Sf
(mm) 
???????
???????
?????? ????? ????? ???? ?????
?????
???????
?????? ????? ????? ???? ?????
? ????
????????
?????? ????? ????? ???? ?????
? ????
???????
?????? ??????? ????? ???? ?????
?????? ?????????
(a) ????????
??????????????????????????????? S-2 ??????
?? 1.42 cm ??????????? S-1 ??? S-3 ??????????????? 1.05 
cm ???????????????????????????????????????
????????????????????????????????????????
?????????????????????S-1 ? S-3 ???????????????
??????????????????????????????????
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121 
(b) ????????????
???????????????????????????????????????
????????? P-3 ?? 1.6kPa ????????????????????????
?????????400 ??????? 0.6~0.4kPa ??????????P-2?4 ????
???????????????????????P-2~4 ???????????????
????????????????????????????????????????
?????????????????P3 ????P2 ? P4 ??????????????
??????????????????????????????
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 P-4
????? ???????????????????????
????? 1 ??????????????????????????P-3 ??????
???? 0.8kPa?P-2 ??? 4 ????????? 0.6kPa ?????????????
???????????????? 600 ??????????????????????
????????????????????????????????????????
????
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????? 2 ?????????????????????????????P-3 ???
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? P2~P4 ????????????? 0.5kPa ???????????????????
??????????????????????????????????? 1 ????
?????????????????
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????? 3 ????????????????????????????? P-3 ??
????????? 2.6kPa ???P-2 ??? 4 ???????? 2.0kPa ???????
????????????????????????3000 ??????????????
????????????????????????1 ???????? 2 ???????
????????????????????????????????????????
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????? 3 ??????????????????
(c) ?????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
? 5kPa ?????????????????????????????????????
????????????????????????????????????????
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Sand-Mat
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 P-4
Clay
 P-1
?????? ??????????????????????
(d) ??????????????????
???????????????????????????????????????
????????????????????????????????????????
?????????? 80cm ????????????????????????????
???
Q lk
a h t
?????
????k ??????l ??????h ?????Q ?????a ????????????
t ? Q ???????????????
????????????????????????????????????????
???????????????????????????????? 1.05?10-3 cm/sec
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????
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????????????????????????????????????????
??(?????, 1979)??
(a) ????????
????????????????????????????????????????
???
???? ???????????????????????????????????
??????????
???? ???????????????????????????????????
???????????????
???? ???????????????
???? ??????????????????????????
????????????????????????????????? x ?????
???????????????????????????????? t ????????
????? S ???????????????????????????????????
??? dQ ???????????????????
1
2
dQ Sdx ? ? ? ? ? ? ? ? ? ? ? ? ? ?????
?????????? x ??????????????????????????Q???
???????
1
2
Q Sx ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?????
???x ????????????????????????????????????
??????????????
x
dhQ ak
dx
? ? ? ? ? ? ? ? ? ? ? ? ? ?????
??? a???????????k?????????????h????????????
????
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Sx C akh ? ? ? ? ? ? ? ? ? ? ? ?????
????C ?????????????????????????? L ???? x=L ??
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a
x
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????????????????????????????????????????
?????????????????????????????????????P-3??
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?????? ????????????????
???????????????????????????????????????
???????????????????????Terzaghi??????????????
?????
(a) ??????????????
???????????????????????????????????????
????? 1.05×10-3cm/sec ????????????????????????????
?? 1.0×10-3cm/sec????????????? 1.0×10-3cm/sec????????????
?????????????????????????1×10-2cm/sec?1×10-3cm/sec ???
1×10-4cm/sec???????????????????????????????????
????????????????????????????????????????
????????????????????? 3%??????????????????
????????????????????????????????????????
????????????????????????????????????????
????????
????? ??????????????????
?????? ???
????
k (cm/sec) 
??
a(cm) 
????
L (cm) 
????
cv (cm2/sec) 
???
S (cm) 
???
U % 
1×10-2 
1×10-3 
1×10-4
20 91 1.56×10-4 2.33 3 
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(b) ????????????
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????????????????????????????????????????
?????????????????????????????????????????
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?????? ??????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????
Hsi(2007)??????????????????????????????????
?????????????????????????????????????? 200
??????????????????????????????????? 100mm??
?????????????????????????????
Predicted total settlements in 10 and 40 years 
Predicted differential settlements in 40 years
????? ????????(Hsi, 2007)
Mesri ?(2001)????????????????????????????????
????????????? 3 ?????????? 365 ??????????????
??????????????????????????????????????300
????????????????????????? 10cm?????????????
????????????
Samson(1985)????????????????????????????????
??????? 18????????????????????? 1????? 7.9cm??
?????????? 8????????? 11.9cm?????????????????
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????????????????????????????????????????
????????
???? ?????????????????????????
?????? ?????????????
Mesri?(1977)?????????????????????????????????
?????????????????????????????????????????
?????????????? Mesri ???????????????????????
???????????????
????Rs?????????? 1/ vfvs
vsvfvs
R's??????????? 1/ vfvs
vs ???????????????????????
vf ???????????????
vs ?????????????
????? ?????????????????????(Mesri??1977)
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???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????(Mesri, 1973; 
Al-Shamarani?, 1988)?Mesri?????????????????? C'??C?????
?????????C'??????????????????C?????????????
?????????Mesri ? C'??C??????????? R's????????????
???????????
? R's????? C'??C??????????????
? R's??????? C'??C????????
? ????????????????? R's??????? C'??C????????
???????????????????????????????????????
????????? C'??C?????????????????????????????
????????????????????????
?????? ????????????
???????????????????????????????????????
???????????????(Mesri?, 1986)????tpr?????????????
?????????????????????????????tl???????????
?????????t???????????????????????????? t??
??????????????????? C'???????C'?????????????
???????????????????????????tl?????? t??????
??????????????????
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????? ???????????(Mesri??1986)
????? C??C"????????????(Mesri??1987)????????????
??C??C"?????????????????????????????? R's????
???C??C"?? t?tl?????????????????
????? C??C"??????(Mesri??1987)
???? ???????????????
?????? ??????????
???????????????????????????????????????
143 
????????????????????????????????????????
??? XRD(X-ray Diffraction)??? SEM(Scanning Electron Microscope)??????
???????????????????, ???,? ?????????????????
Si, O, Fe, Al, K, Mg, Na?????????????? 65.4?78.2%???? 8?25.6%?
?????? 8?16%???????? 0.5?3.9%????????? 0.9?2.2%????
????? ?????????
????
wL(%) 
????
wP(%) 
????
IP
??
Gs
????
Uc
USCS 
34.6 19.1 15.5 2.654 4.1 CL 
?????? ????
???????????????????????????????????????
????????????????????????????? ? ??????????
????????????????????????????????????????
?????????? 24.5kPa??? 49.0kPa ???????????????????
?????????????????????????? 3t?????????????
??????????????????????????????????????
????? ?????
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???? ????????????????????
?????? ?????????????????
???????????????????????????????????????
????ASTM(1982)???Gorman?(1978)????????????????????
???????????????????????????????????????
ASTM(1982)???????????????????????????????????
??????? 40%??????????????????? 0.04%/min????
????? ASTM?????????????
????? (%)? ?????? (%/min)
????? ?????
?????? ?????
?????? ??????
??????? ??????
???????? ???????
???????? ???????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????0.01%/min?
0.04%/min??? 0.10%/min???????????????????????????
????????????????????????????????????????
?????????????????????????? 0.04%/min ?????????
????????????????????????????????????????
????????????????????????????????????????
??? 0.04%/min??????????????
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Tatsuoka(1982)????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????? 0.04%/min?0.02%/min?0.01%/min ??? 0.005%/min ???????
????????????????????????????????????????
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???????????????????????????????????????
?????? 0.01%/min ?????????????????????????????
????????????????????????????????????????
?????????????????? 0.01%/min?????????????
???? ????????????
?????? ?????
???????????????????????????????????????
??????????????????????(Lee?, 2013)?????????? ELE
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????? 6.35cm?
2.54cm?????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????
?????? ????????????????????
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?????? ?????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????
?????????????????????????????????????
?????? ??????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
78.5kPa ????????????? 1.0????????????? 24 ???????
????????????????????78.5kPa????????157kPa?????
????????????????????????????????????????
??????????????? logt ???????????????????? 13000
?????
ILT-2?? ILT-5?????????????????????ILT-1????????
??????? 157kPa?????????????????
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?????? ?????????????????
????? ?????????????????
??????????????
???????
(cm) 
?? 6.0 
?? 2.0 
?????kPa? 9.8, 19.6, 39,2, 78.5 157.0 
???? 157kPa ??????????????????
?????kPa?
ILT-1 ILT-2 ILT-3 ILT-4 ILT-5 
157.0 9.8 19.6 39.2 78.5 
?????? ?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????? 0.04%/min ??????????????
????????????? 0.01%/min ??????????????????????
????????????????????? 157kPa ????157kPa ????????
????????????????????????????????????????
????????????????????????????????
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CRS-2 ?? CRS-5 ? 4 ?????????????????????????????
???????ILT-2 ?? ILT-5 ???????????CRS-1 ????????????
??????
?????? ????????????????????????
????? ????????????????????????
?????????????????????
???????
(cm) 
?? 6.35 
?? 2.54 
???? 0.04%/min 
???? 0.01%/min 
?????kPa?
CRS-1 CRS-2 CRS-3 CRS-4 CRS-5 
0.0 9.8 19.6 39.2 78.5 
???? ??????????
?????? ????
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????????? logt
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??????????????????????ILEOP? IL24?????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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?????????????? C?? Cc??????????C?? Cc????????
??????????? 0.033 ???????? Mesri ?(1987)???????????
???????? C?/Cc =0.040?0.01 ????????
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???????????????????????????????????????
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? C'???????????????????????? C'??????????????
?????? C'?IL?C'?CRS ???????????????????????????
??????????????????? C'?IL???????????????????
???????????????????? C'?CRS ?????????????????
??????????????
OCRCC CRSIL 00338.000469.0 ? ? ? ? ? ? ? ??????
????C'?IL ?????????????????????????????????C'
?CRS ??????????????????????????????????????
??OCR ??????????
?????????????? C'?IL???????????
CRSIL COCRC /00338.000469.0 ? ? ? ? ? ? ? ??????
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